Abstract: Paroxysmal nocturnal haemoglobinuria (PNH) is a rare form of acquired Coombs negative haemolytic anaemia manifested by the clinical triad of intravascular haemolysis, venous thrombosis and cytopenia. At the molecular level PNH is defined by a clonal expansion of hematopoietic stem cells having undergone somatic mutation of the Xchromosome gene PIG-A. Here we report the case of an 80-year old female patient known for sick sinus syndrome for more than 30 years and low-risk myelodysplastic syndrome (MDS) with uneventful course over the past two years. In good health she underwent her fifth lead replacement under short-term reversal of anticoagulation. Two weeks later she presented at the emergency room for epigastric pain, vomiting and fever. Work up revealed extensive right jugular vein thrombosis, Coombs-negative haemolytic anaemia and acute renal failure. Paroxysmal nocturnal haemoglobinuria was suspected and confirmed by flow cytometric FLAER-assay, which detects clonal deficiency of glycosyl-phosphatidylinositol linked surface proteins on monocytes and granulocytes. Thus, search of a PNH clone with FLAER was reliable in the presence of RBC-transfusions and ongoing intravascular haemolysis. Though stabilization of haemolysis was achieved, renal failure progressed and the patient deceased suddenly at the 11 th day of hospitalization. Short-term reversal of anticoagulation and functionless retained pacing leads may have catalyzed thrombosis in our MDS patient with a large glycosyl-phosphatidyl-inositol (GPI) deficient clone. In MDS patients under long-term anticoagulation any short-term reversal of anticoagulation for surgical procedures should be preceded by FLAER analysis to uncover an emerging GPI-deficient clone since recent developments in the treatment of this condition allow prevention of intravascular haemolysis and thrombosis by halting the complement cascade at the C5 level with targeted immunotherapy.
INTRODUCTION
Increased sensitivity of red blood cells to complement-mediated attack is responsible for most clinical manifestations of PNH, which include haemolytic anaemia, venous thrombosis and cytopenia, mainly thrombocytopenia [reviewed in 1]. PNH is defined by a clonal expansion of hematopoietic stem cells that have undergone somatic mutation of the X-chromosome gene PIG-A. The product of this gene is essential for synthesis of glycosyl-phosphatidylinositol (GPI), which acts as an anchor to the membrane for many surface proteins of blood cells [reviewed in 2]. PIG-A mutated cells therefore lack expression of different surface proteins. Blood cells of PNH patients have reduced expression CD55 and *Address corresponding to this author at the Division of Haematology/ Oncology, CHUS University Hospital, 3001 12 th Avenue North, Sherbrooke (Québec), Canada; Tel: ++1 819 346 1110 ext 14816; Fax: ++1 819 564 5434; E-mail: hans.knecht@usherbrooke.ca CD59, two proteins implicated in complement inhibition [1] [2] [3] . The size of the PNH clone usually correlates with the degree of symptoms. Most patients have chronic low-grade haemolysis that can be exacerbated by infection, surgery, stress, or anything else that initiates complement activation. Episodes of severe intravascular haemolysis do occur. In these cases, released free haemoglobin overwhelms haptoglobin binding capacity and leads to haemoglobinuria. Once in circulation, free haemoglobin irreversibly binds nitric oxide molecules. Depletion of NO in patients with PNH leads to smooth muscle dystonia, which may be responsible for many of the symptoms of the disease including esophageal spasm, dysphagia and abdominal pain [2, 4] . Moreover, NO depletion induces vessel constriction and triggers platelet activation and aggregation, resulting in thrombus generation [4] . In this report we describe a patient diagnosed with lowrisk MDS who presented at the emergency room (ER) for epigastric pain and vomiting.
CASE PRESENTATION
An 80 years old woman presented to the ER for acute epigastric pain of unknown aetiology accompanied by vomiting and fever. She also mentioned right shoulder pain present for a few days and increasing by arm movement. She was known for a sick sinus syndrome treated with a permanent pacemaker since 1975, for which she underwent a new (the fifth) lead replacement under short-term anticoagulation reversal (INR of 1.1) in the right subclavian vein two weeks prior to her presentation to the ER. Notably, phlebography of the right superior member, performed at the day of lead replacement, mentioned opacification of the subclavian vein. She was also followed by her haematologist for a low-risk MDS diagnosed two years before by bone marrow aspiration, bone marrow cytogenetics and bone marrow histology. Bone marrow was moderately hypocellular (15%) with signs of dysmegakaryopoiesis but without myelofibrosis. mol/L. Serum erythropoietin was significantly elevated with 32.6 mU/ml (normal range 2-19). Since the MDS was of low risk and regular CBC controls at a 6-8 week interval (16 controls over two years) showed stable haemoglobin and platelet counts neither initial nor follow-up testing for a PNH clone was performed. The patient felt to be in good health, had no RBC transfusion requirements and no infectious or thrombotic events were reported. The patient was started on empirical antibiotherapy (vancomycin and piperacillin/tazobactam) and admitted to the ICU. Urine culture showed significant Escherichia coli growth. Urine color at admission was dark yellow but cleared up after two days. Venous Doppler ordered for her right shoulder pain revealed extensive right jugular vein thrombosis and intravenous heparin was started. Other imaging investigations were negative for occult infection or blood collections. In particular, on abdominal CT-scan performed the morning after admission the kidneys and both ureters appeared normal. A 2D/Doppler echocardiogram, performed at the fourth day of hospitalization, showed a conserved left ventricular function and no signs of atrial thrombosis. Haemoglobin levels further dropped to 65 g/L needing transfusion of two units of packed RBC within the first day after admission. Determination of coagulation factors confirmed decreased activity of vitamin-K dependent factors (factor II at 22%, factor VII at 17%, factor IX at 33% and factor X at 21%), normal activity of factors XI and XII, but increased activity of factor V (161%) and factor VIII (> 300%). In presence of intravascular haemolysis and extended thrombosis PNH was suspected. Flow cytometric FLAER-assay, which detects clonal deficiency of glycosylphosphatidyl-inositol linked surface proteins on monocytes and granulocytes [5] , identified a dominant FLAER negative clone of about 70% in both populations (Figure 1 
DISCUSSION
PNH should be suspected whenever Coombsnegative intravascular haemolytic anaemia is present. It is nonetheless a rare disease, with recent estimates giving an incidence up to 5 cases per million of births [6] . Diagnosis is made using flow cytometry; one criterion is the absence of at least 2 GPI-linked structures (usually CD55 and CD59) detected on more than one cell lineage, typically neutrophils in addition to erythrocytes and reticulocytes [5, 7] . However, cytometric analysis of red blood cells can be affected by recent RBC transfusions and ongoing haemolysis. Most recent techniques make use of the FLAER reagent, as in our case [5] . It consists of a fluorochrome-labeled inactive variant of the protein proaerolysin, whose active form selectively binds to the GPI anchor. Proaerolysin is a toxin produced by Aeromonas hydrophila to form channels on target cells resulting in their lysis after having been processed to its active form aerolysin. The non-lysing mutated form of proareolysin (FLAER) can therefore be used to estimate the PNH clone size on monocytes and neutrophils. It has been shown that FLAER combined with multiparameter flow cytometry can accurately detect PNH clones with improved sensitivity without being influenced by recent RBC transfusions [8] . However, significant abnormalities in CD55 and CD59 expression restricted to neutrophils and the myeloid lineage rarely do occur in autoimmune disorders [9] or during transformation of MDS into acute leukemia and could be a sign for circulating immature myeloid cells or pre-analytic problems with an increased rate of apoptotic cells.
(Britta Höchsmann, personal communication). In our patient there were no signs of transformation of MDS into acute leukemia since haemoglobin dropped from 100g/L to 74 g/L within only 48 hours while neutrophils and platelets were still in normal range and circulating blasts were not observed. Moreover, during the haemolytic crisis the neutrophil count had doubled compared to the average count identified since diagnosis of MDS, and neutrophil count raised even to 8.3 G/L the day before death thus indicating a still functional stress reserve of the bone marrow. This, together with the identification of toxic granules within these neutrophils is consistent with an underlying infection or a stress reaction to extended thrombosis. There were also neither signs and symptoms nor anamnestic data to suspect the setting of an autoimmune disorder.
GPI anchor protein-deficient cells have been detected in some cases of myelodysplastic syndrome, especially when associated with a hypocellular marrow [2] as in our patient, where bone marrow aspiration and bone marrow biopsy were diagnostic of MDS using standard criteria and where cytogenetics showed an interstitial deletion of the long arm of chromosome 20. This deletion is usually classified in the good-prognosis MDS category with a median overall survival > 5 years [10] . CBCs were stable during 2 years without any transfusion needs. We explained the elevated serum erythropoietin level associated with a reticulocyte count at the lower limit of the normal range in presence of slightly elevated LDH but normal D-dimer levels with inefficient erythropoiesis in the context of MDS and found no need to test initially for the presence of a PNH clone. On the other hand, the repeatedly elevated LDH is consistent with the hypothesis of a PNH clone already present at diagnosis of MDS [1] and expanding during follow-up but that ongoing long-term anticoagulation for sick sinus syndrome avoided thrombosis to occur. We hypothesize that anticoagulation reversal for the pacemaker lead replacement favoured thrombosis. It occurred in the right jugular vein, near a site where thrombosis predisposition might have been already present [11] because of the multiple functionless pacemaker leads that were left in place in the subclavian vein after replacement (the patient had 5 such replacements). The opacification the right subclavian vein, identified by phlebography at the day of lead replacement sustains this hypothesis. It appears quite possible that thrombus formation was initiated by the lead capping and pacemaker exchange associated with endothelial irritation leading to platelet activation which in the context of short time reversal of anticoagulation led to extensive thrombosis. There are also several hints that renal failure was PNH related and not due to another disorder, in particular HUS (haemolytic uremic syndrome): At hospitalization day 8 the left renal vein could not be visualized, impaired renal function persisted, and terminally progressed in spite of normalization of haemolysis parameters, stable platelet count and absence of schizocytes in the peripheral blood smear. Contrary to the haemolysis parameters D-dimers increased preterminally, consistent with recrudescence of thrombosis/fibrinolysis. In this situation we considered to start treatment with eculizumab who has been successful in an analogous context of repeated life-threatening thrombotic complications [12] . Unfortunately, the patient died from cardiac arrest during haemodialysis catheter placement. Thrombosis at an additional site, i.e. coronary artery occlusion [12] , central nervous system thrombosis, or pulmonary embolism, might well be responsible for the patient's sudden death [1] . However, formal proof that renal failure and cardiac arrest were PNH related is missing since post mortem was not performed.
In low-risk MDS patients under long-term anticoagulation major PNH clones may emerge without signs and symptoms except a slight increase of LDH as a sign of subclinical haemolysis [1] . In such patients minor surgical procedures associated with small vascular endothelial damage, as in the case of pacing lead replacement and functionless retained pacing leads, may catalyze thrombosis. Short-term reversal of anticoagulation appears to be an additional trigger of fatal thrombosis. Therefore, screening for emerging PNH clones at 6 months' intervals [2, 3] and prior to invasive interventions appears to be mandatory even in patients with low-risk MDS.
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